Purpose To study the diagnosis and treatment strategy of esophagus perforation complicating anterior cervical spine surgery.
Introduction
Esophagus perforation is a rare but a life-threatening lesion which can lead to death in 6-34% of cases according to the status of the patients, the site and cause of the perforation, the time from perforation to treatment, the presence of underlying esophageal disease [1, 2] . Cervical esophagus perforations are considered to be less critical than intrathoracic and intra-abdominal ones due to slow formation of descending mediastinitis [3] [4] [5] , but they may be still fatal in up to 16% of cases [3] .
The esophagus perforation can be spontaneous, induced by a foreign body, caused by trauma and iatrogenic. Patients often present with nonspecific complaints and subtle physical findings. Therefore, diagnosis is difficult and the treatment often delayed, resulting in cervical abscess, mediastinitis, septic shock, and even death [4, [6] [7] [8] . If the treatment is instituted within 24 h the mortality rate is 20%, on the contrary it may be up to 50% if instituted later [9] [10] [11] . Currently, in addition, the treatment of esophageal tears remains controversial. Therefore, in this paper, the diagnosis and treatment strategy is studied by retrospectively analyzing six cases of esophagus perforation related to anterior cervical surgery for cervical spine disorders. And the literature is reviewed.
Materials and methods
From 2000 to 2010, six patients (4 males and 2 females) who developed esophagus perforations associated with anterior cervical spine surgery were treated in our department. During this period, we performed 1,045 cases of anterior cervical surgeries. One developed esophagus perforation in operation. The other five patients with esophagus perforation were from other hospitals. The general information was presented in Table 1 . The diagnoses and treatments of perforations were retrospectively reviewed.
The mean age of patients was 49.5 years (range 27-74). The reasons for anterior approach included cervical spine fracture and dislocation in two cases, cervical myelopathy in three, and implant failure after anterior decompression and fixation due to cervical myelopathy in one. The perforation was confirmed in operation in one case, at postoperative day 7-18 in three cases, at postoperative year 3 in one and at postoperative year 7 in one. Clinical presentation was versatile, including neck pain, dysphagia, odynophagia, aspiration, fever, localized neck tenderness, and hemoptysis. Food residue leaking from the incision was found in two postoperative cases. Contrast esophogram demonstrated perforation in other three postoperative perforations. Plain radiographs of the cervical spine revealed subcutaneous emphysema in three cases, widening of the retropharyngo-esophageal space in five, implant failure in two. The perforation sites were at C5/6 in four cases and at C6/7 in two cases.
For the intraoperative perforation, primary double layer suture (mucosal layer and muscular layer) was performed. Esophageal suture is made by absorbable interrupted stitches in a tension-free way to avoid secondary stricture of esophagus. Postoperatively, the patient took nutrition by a nasogastric tube instead of oral intake for 1 week and the perforation healed without secondary complication. For postoperative perforations, we discussed the cases with otolaryngologists and thoracic surgeons preoperatively. In addition, we performed the suturing with the help of an otolaryngologist or a thoracic surgeon. For three cases of perforations early in the post-operative period, oral intake was forbidden as soon as perforation was confirmed. A nasogastric tube was conducted in each patient for nutrition support. The wound was debrided and the perforations were loosely sutured by synthetic absorbable sutures. After operation, open drainage was conducted and intravenous broad-spectrum antibiotic therapy was utilized. At the mean day 27.7 (range 21-39) after diagnosis, there was no secretion in the wound and contrast esophogram confirmed healing of the perforation (Fig. 1) . For perforations at postoperative year 3 and 7, above mentioned measures including prohibition of oral intake, intravenious broadspectrum antibiotics therapy, and nasogastric tube nutrition support were all conducted and surgical debridement was performed. In operation, fixation plates and screws were removed because bone fusions had been achieved, and the edges of the perforation were carefully freshened and loosely approximated by synthetic absorbable sutures. Postoperatively, skin wound was kept open for drainage. Finally, all the two perforations healed evenly.
The duration of antibiotics was 7-32 days in our cases, according to the condition of esophageal fistula and estimated healing time required. We did not stop the use of antibiotics until the patients had normal temperature, normal white blood cell and neutrophil counts, and had no leak from the incision.
Discussion
Esophagus injury is a rare complication with anterior cervical surgery, the rate of which was 0-1.62% in large clinical reports [11] [12] [13] [14] [15] [16] . From 2000 to 2010, we performed 1,045 cases of anterior cervical surgeries. One developed esophagus perforation. The perforation rate was about 0.1%, similar to the study by Patel et al. [14] Esophagus perforations mostly occur at the level of C5-6 or C6-7 [17] . Killian triangle, corresponding to C5-6, is the most vulnerable esophageal site to lesions. In this region, the esophagus lies directly on the cervical vertebra and only covered by fascia at the dorsal side [3] . Another area of weakness is the lateral wall of the pyriform sinus at the level of the thyrohyoid membrane [11] . Therefore, to avoid such injury, care must be taken to ensure that the esophagus is well protected with the retractor blades being seated below the longus colli muscles medially, so do it during use of the high-speed drill as well as during the instrumentation portion of the case [6, 18] .
Clinical presentation of esophageal injury can be intraoperative with recognized injury, acute within 24 h, subacute after 24 h, or delayed up to a reported 10 years [14] . Early perforation is often related to direct iatrogenic maneuvers or acute spine trauma demanding the intervention, and delayed perforation is generally related to chronic compression, dislocation, or migration of the grafts or internal fixation materials [8, 10, [19] [20] [21] [22] [23] [24] [25] . In our study, one perforation was recognized intraoperatively and three perforations at early postoperative period. All of them might be attributed to inappropriate distraction except the one undergoing secondary surgery due to implant failure. In our opinion, implant failure plays an important role in the development of perforation for the case undergoing secondary surgery. The other two perforations at many years after operation should be attributed to implant failure undoubtedly.
Patients with cervical esophagus perforation often present neck or pharyngeal pain, dysphagia, odynophagia, unexplained aspiration, choking, fever, localized neck tenderness, induration, hemoptysis, or subcutaneous emphysema [23, 26] . But some of them are easily overlooked or can lead to misdiagnosis. Therefore, when a perforation is suspected, imaging techniques should be employed. Plain neck X-ray may show indirect signs such as subcutaneous emphysema, presence of prevertebral air, widening of the retropharyngo-esophageal space due to edema or fluid collection and migration of implants. Contrast swallow studies may help in confirmation and localization of the perforation, showing an extravasation of fluid from the viscerum and/or an airfluid collection in deep neck spaces [3] . Esophagoscopy can provide a direct visualization of the perforation, but a missed perforation hidden in a mucosal fold and the potential to convert a small mucosal or submucosal tear into a large perforation during air insufflation argue against its use [27] . CT or MRI can delineate the extent of infection and reveal ncurrent discitis, osteomyelitis, epidural abscess, or mediastinitis. However, imaging studies indicated esophagus injury in only 73% of perforations that were later confirmed [26] . Therefore, many perforations require surgical exploration for confirmation and treatment [26] . In our study, all the postoperative perforation were confirmed using contrast esophogram except for two cases being confirmed by food residue leaking from the incision.
Currently, the treatment of esophageal perforation remains controversial. Conservative treatment has been advocated in case of small and early recognized perforations with well contained leak without signs of septicemia [4, 5, 28, 29] . It consists of total prohibition of oral intake for a minimum of 7 days, administration of combination of broadspectrum antibiotics, use of prokinetic drugs (cisapride and metoclopramide), and feeding with a nasogastric tube or jejunostomy [4] . Unfortunately, about 20-25% of the patients treated conservatively developed an abscess and the mortality rate was 18% [11, 30] . Therefore, surgical treatment is considered to be the gold standard which can close the perforation, control or prevent infection and stabilize the cervical spine if indicated [30] . Double layer or imbricating sutures and reinforcement of suture with sternocleidomastoid muscle flap, pectoralis major muscle flap or longus colli muscle flap have been reported [8, [31] [32] [33] [34] [35] .
In our opinions, treatment should be tailored in each case, depending on the time from perforation to diagnosis and the morphology of the perforation. For patients with recognized lacerations intraoperatively, primary suture may be treatment of choice. As to small injuries in the early postoperative period, surgical debridement and drainage is an effective method. While to perforation occurred many years after operation, surgical debridement, remove of the internal fixation, loosely suture of the esophagus and open drainage can achieve ideal prognosis. To be noted, for any of abovementioned methods, supportive measures were one of the important parts of treatments. A nasogastric tube should be inserted for feeding purpose instead of oral intake for a minimum of 7 days. Patients not tolerating nasogastric feeding or requiring feeding for more than 2 weeks can be subjected to jejunostomy [4] . Empiric antibiotics should cover anaerobes and, for established infections, should also be broadened to cover aerobic Gram-positive and Gramnegative organisms until the results of cultures are available [36] . For perforation related to early failure of internal fixation, the implant should be removed and the spine should be maintained by internal or external fixation. However, for late implant failure, it does not matter to remove the implant because bone fusion often has been achieved. Reinforcement of primary suture with muscle flap including sternocleidomastoid muscle flap, pectoralis major muscle flap and longus colli muscle flap has been used by many authors [31] [32] [33] [34] [35] 37] . However, there are shortcomings with muscle flap harvesting. Sternocleidomastoideus harvesting can lead to functional loss of cervical motion, modest deformity in contour of the neck, and disruption of sensory nerves to the ear and ipsilateral neck [38] . Pectoralis major flap harvesting requires a longer surgical procedure and is related to both cosmetic and functional sequelae at the donor site. And a defect with longus colli muscle flap harvesting is the possibility to injure the cervical sympathetic trunk [17, 39] . Therefore, in our study, not all the patients with primary suture underwent muscle flap reinforcement. Fortunately, all of them achieved good results. However, it does not mean that muscle flap repair is not necessary. For large perforations, muscle flap repair, which can avoid secondary stricture of esophagus, may be mandatory.
In conclusion, when a perforation is suspected, imaging techniques should be employed. Surgical treatment facilitates the healing of esophagus perforation. Supportive treatments including prohibition of oral intake, intravenous broad-spectrum antibiotic therapy, feeding with a nasogastric tube were mandatory parts of treatments.
